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Abstract 
The influence of 3 tillage treatments (moldboard plough – MT, chisel – CT, disc-harrow – DT) and 50 
rapeseed cultivars (41 hybrids and 9 open-pollinated varieties) was assessed within a 2-year study that was carried out 
on a cambic phaeozem (RSTS-2003) in Suceava Agricultural Research and Development Station for highlighting 
farmer oriented crop management options regarding tillage and rapeseed cultivar. MT>CT>DT in terms of yield for the 
entire period, and all pairwise comparisons showed significant (p≤0.05) differences between treatments. The differences 
among cultivars of the same seed company were insignificant (p≤0.05). Despite having the highest costs, MT remained 
the most efficient tillage option in Suceava Plateau when compared with both minimum tillage treatments.  
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1.Introduction 
 
Nowadays, the major challenge became 
achieving food security for more than 7 billion 
people, a world population that is projected to reach 
8 billion by 2025. On the other hand, oil reserves 
will end in little more than 42 years if consumed at 
current rates [21] so it is necessary to use alternative 
energy sources, including biofuels, especially 
biodiesel made from vegetable oil. More than that, 
EU enacted the Directive on the promotion of the 
use of energy from renewable sources (RES-D), that 
specifies a 50% reduction target of GHG emissions 
from biofuels in comparison to fossil fuels for the 
transport sector by 2017 [11]. 
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Oilseed rape is the third most important 
source of vegetable oil [2] used both in human 
nutrition and animal feeding, and for biofuel as it 
produces at least two times more oil per hectare than 
soybean [3]. Increased market demands for plant oils 
will result in the further rise of yield levels and a yet 
intensification of oilseed rape production [19]. 
The human induced degradation of natural 
resources, including soils, represents a major 
concern for sustainability [7] and is imposing the 
adoption of conservation cropping systems (i.e. 
minimum, conservative or no-tillage) to mitigate its 
effects. 
Current expansion of oilseed rape 
production in Central and Eastern Europe with low 
rainfall and high seasonal temperature variation face 
up farmers in the area with the emerging problems 
of selecting productive and resistant cultivars for 
adaptation to such climatic conditions, and using the 
best cropping system in terms of sustainability and 
productivity. 
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2. Material and Method 
 
The present study was carried out between 
2010-2012 at Agricultural Research and 
Development Station Suceava, in the northern area 
of Moldavian Plateau (47o61.59’ N, 26o24.47’ E), on 
a cambic phaeozem (RSTS-2003) with 31.6 % clay 
(0-20 cm soil layer), 5.7 pH units and 3.7 % humus. 
Annual mean temperature is 7.8 oC, and rainfall 
586.8 mm [15]. 
The trial was designed using a randomized 
complete block arrangement with three replications. 
Two experimental factors were considered: i) 
primary tillage with different implements as 
treatments (moldboard plough, chisel and disc-
harrow) and ii) rapeseed cultivar – 41 hybrids and 9 
open-pollinated varieties from the commercial offer 
of several seed companies. 
Beside tillage and cultivar choice, the 
cropping system was the same for all plots (table 1). 
Sowing was performed using Plotseed XL 
(Wintersteiger) in 8 rows of 8 m in length per plot 
and 25 cm inter-row spacing. In mid july all 450 
plots were harvested using a small combine 
(Wintersteiger Classic) and yield per plot was 
assessed using an automated weighing sensor system 
(GrainGage HM800, Junyper Systems) mounted on 
the combine. 
Statistical analysis of data was performed 
using IBM SPSS Statistics v.17.0. One-way 
ANOVA procedure was applied to test the effect of 
tillage and cultivar on yield for the entire period, and 
post-hoc multiple comparisons between treatments 
were made using Duncan test (p≤ 0.05). Net profit 
rate (P%) was used to express the economic 
efficiency of experimental factors: 
P % = (P/C)*100, 
where: 
 
P - net profit (lei ha-1) 
P = (I-C)*0,84 
I - income (lei ha-1) 
I = Y*Price 
C - cost (lei ha-1) 
 
Table 1. Cropping system in the field trial from ARDS Suceava 
Link Materials Timing 
Fertilising scheme N16P36S54Ca44Mg4B0.3Zn0.2 Seedbed preparation 
 N60S30Ca14Mg6 Early spring 
Sowing 60 seeds m-2 for hybrids  August 30th  
 70 seeds m-2 for open-pollinated varieties  
Herbicide 
spraying 
Metazaclor 0.8 l ha-1 for dicotyledonous weeds control After sowing but before seedling 
emergence 
 Fenoxaprop-p-etil 75 g ha-1 for monocotyledonous 2-6 leaves of the weeds 
Insect control Tiacloprid 48 g ha-1 for flea beetles (Phyllotreta spp.), 
cabbage stem flea beetle (Psylliodes chrysocephala), sawfly 
(Athalia rosae) larvae, red turnip beetle (Entomoscelis 
adonidis), cabbage stem weevil (Ceutorhynchus napi); 
Over economic treshold 
 Deltametrin 7,5 g ha-1, cipermetrin 50 g l-1 + 500 g l-1 or 
clorpirifos(0,75 l ha-1) for pollen beetle (Meligethes aeneus) 
In early flowering (B4-B6 CETIOM, 
59-61 BBCH) 
Disease control Tebuconazole 175 g ha-1 for Phoma  In autumn, 4-6 leaves of rapeseed 
plants (F1 CETIOM, 14-16 BBCH) 
 Azoxistrobin 150 g ha-1+ ciproconazole 60 g ha-1 for  foliar 
disease complex 
Full flowering (F CETIOM, 65 
BBCH) 
Harvesting Small combine for plots 8-15% seed moisture and no green 
siliquae 
 
 
3. Results and Discussions 
 
Effect of tillage on rapeseed yield. In 
rapeseed, as in all crops, the productivity of the same 
cultivar depends, among other factors, on region, 
year conditions and cropping system. Accordingly, 
yield can be improved by cultivar selection for 
specific growing conditions and by adjusting 
cropping practices. Tillage affects seedbed 
mechanical characteristics and thus crop emergence 
[13] and its main objective is to create a loose soil 
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stratum with improved air and water regime that 
should persist throughout crop vegetation with 
positive effect on yield. All tillage systems can be 
used in rapeseed crop [1] and minimum tillage may 
result in yields close to those obtained after 
ploughing, with lower costs [18] and environmental 
benefits in longterm. 
In the last century, the disadvantages of soil 
inversion have become more evident [6] but, with 
few exceptions, less is known about the advantages 
of minimum and conservation tillage under Central 
and Eastern Europe temperate climate. 
As Rusu [14] previously reported, rapeseed 
yield was significantly affected by primary tillage 
(table 2), the level in MT (3983.8 kg ha-1) being 
significantly higher than in CT (3712.5 kg ha-1) and 
DT (3381.6 kg ha-1). Among minimum tillage 
treatments, CT gave significant higher yield than DT 
which was the least productive of all. The success of 
MT in rapeseed crop from Suceava Plateau is 
probably due to improved soil temperature regime in 
spring and water infiltration throughout the growing 
season in comparison to minimum tillage treatments. 
 
Table 2. Effect of tillage on rapeseed yield (kg ha-1)* at ARDS Suceava 
Tillage treatment Mean/treatment 
Moldboard plough 3983.8a 
Chisel 3712.5b 
Disc harrow 3381.6c 
* averaged over 50 cultivars; values followed by the same letter are not significantly different (p≤ 0.05) 
 
 
Effect of cultivar on rapeseed yield. Recent 
advances in rapeseed breeding resulted in new 
cultivars with higher nutrient absorption capacity, 
improved composition of oil fatty acids [16], dwarf 
and semi-dwarf cultivars resistant to stem breaking, 
apetalous forms for improved light penetration in the 
canopy [8, 20], cultivars resistant to low temperature 
[12, 17], pathogens or weed suppressive [9]. Hybrid  
 
 
 
rapeseed is preferred in most cases because it 
usually has higher grain and oil yield than open-
pollinated varieties [10], but sometimes traditional 
open-pollinated varieties are better adapted to local 
conditions.  
Analysis of variance and post-hoc multiple 
comparisons performed on yield data showed that 
the effect of cultivar within the same company was 
insignificant over the entire trial period (table 4). 
 
 
 
Table 3. Economic efficiency of tillage treatments in ARDS Suceava 
Tillage treatment  Y kg ha-1 C lei ha-1 I lei ha-1 P lei ha-1 P% 
MT 3983.8 4844.1 7370.0 2147.0 44.3 
CT 3712.5 4665.0 6868.1 1850.6 40.0 
DT 3381.2 4640.3 6255.2 1372.7 30.0 
 
 
 
 
Economic efficiency of tillage treatments. 
Among all treatments, highest costs (C) were 
associated to MT - 4844.1 lei ha-1 when compared 
with CT (4665.0 lei ha-1) and DT (4640.3 lei ha-1), 
mainly because it's increased diesel consumption 
and tillage related operation charges (table 3). On 
the other hand, the income (I) was consistently 
higher, by 501.9 lei ha-1 in MT in comparison to CT 
and by 1114.8 lei ha-1 in comparison to DT. 
Minimum tillage treatments comprised an income 
difference of 612.9 lei ha-1 for CT. Overall, the most 
efficient was MT with 44.3 % net profit rate, and the 
efficiency ranking of tillage treatments was 
MT>CT>DT. 
The differences between cultivars of the 
same company regarding the net profit rate (P %) 
were induced by yield, sowing rate and seed price 
(table 5). Yield per cultivar, averaged over 3 tillage 
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treatments and 2 growing seasons varied between 
4178.9 kg ha-1 (PR46W30) and 3007.6 kg ha-1 
(Doina), independently from costs, which varied 
only by 132.9 lei ha-1 - 4633.2 lei ha-1 (Orkan) and 
4766.1 lei ha-1 (Hammer). The income and net profit 
rate followed the same trend as yield; the most 
productive hybrid was also the most efficient: 7731 
lei ha-1 income, 2529.5 lei ha-1 net profit and 53.6 % 
net profit rate. Having associated more than 45 % 
net profit rate were: PR44W29 (50.7 %), Judie (49.8 
%), PR45D05 (49.6 %), Hycolor (47.5 %), 
PR44W21 (46.8 %), ES Danube (46.6 %), Extend 
(46.0 %), PR45D03 and Turan (45.4 %).  
 
 
Table 4. Effect of cultivar on rapeseed yield (kg ha-1)* at ARDS Suceava 
Company** Cultivar Mean / cultivar Company Cultivar Mean / cultivar 
Biocrop Primus 3757.3 Monsanto  
Romania 
Extend 3937.3 
Compass 3653.8 Exagone 3738.0 
Hammer 3605.5 DK Example 3669.8 
Dynastie 3536.6 Pioneer  
Hi-Bred  
Romania 
PR46W30 4178.9 
WRH 352 3508.8 PR44W29 4102.4 
Caussade 
Semences 
Romania 
Tripti CS  3622.5 PR45D05 4073.2 
Scelni CS  3613.9 PR46W21 3978.0 
Nodari CS  3419.8 PR45D03 3944.6 
Intense CS  3411.3 PR44D06 3862.1 
SD – Seeds Judie(OP) 4020.1 PR46W14 3619.2 
Hycolor 3981.7 Saaten  
Union  
Romania 
Vectra 3824.8 
Recordie 3793.0 Rohan 3692.2 
Goldie(OP) 3728.5 Finesse 3687.7 
Ecarlate(OP) 3595.8 Merano 3660.7 
Euralis  
Semences 
ES Danube 3956.3 Astrada 3616.7 
ES Neptune 3845.3 Visby 3604.1 
ES Centurio 3797.0 Noblesse (OP) 3561.5 
ES Mercure 3751.8 Bellevue (OP) 3506.5 
ITC Diana(OP) 3214.5 Hercules 3449.3 
Perla (OP) 3091.0  Orkan (OP) 3433.5 
Doina(OP) 3007.6 Sumiagro  
Romania 
(Rustica) 
ES Betty 3788.6 
KWS  
Seminte 
Turan 3938.3 Olano 3755.7 
Brutus 3843.9 ES Hydromel 3695.0 
Traviata 3802.6 ES Alias 3581.1 
Triangle 3517.5   
Tassilo 3654.6   
*averaged over 3 tillage treatments, values with no / followed by the same letter are not significantly different (p≤0.05);  
**different subsets per company, mean analyzed separately; OP = open-pollinated variety 
 
 
 
4. Conclusions 
In ARDS Suceava, the effect of tillage on 
rapeseed yield was significant over the entire trial 
period. MT was superior to CT and DT, as CT was 
to DT. No significant differences were found among 
cultivars of the same company regarding yield. 
Despite having associated highest costs, MT 
was the most efficient tillage treatment because it 
determined best rapeseed yield results. The most 
productive hybrid was also the most efficient: 7731 
lei ha-1 income, 2529.5 lei ha-1 net profit and 53.6 % 
net profit rate. With more than 45 % net profit rate 
were also PR44W29 (50.7 %), Judie (49.8 %), 
PR45D05 (49.6 %), Hycolor (47.5 %), PR44W21  
 
 
(46.8 %), ES Danube (46.6 %), Extend (46.0 %), 
PR45D03 and Turan (45.4 %).  
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Table 5. Economic efficency of rapeseed cultivars at ARDS Suceava 
Company Cultivar Y kg ha-1 C lei ha-1 I lei ha-1 P lei ha-1 P% 
1. Biocrop 1. Compass 3653.8 4763.5 6759.5 1676.7 35.2 
2. Dynastie 3536.6 4760.0 6542.7 1497.5 31.5 
3. Hammer 3605.5 4766.1 6670.2 1599.4 33.6 
4. Primus 3757.3 4765.4 6951.0 1835.9 38.5 
5. WRH 352 3508.8 4763.5 6491.3 1451.3 30.5 
2. Caussade 
Semences 
Romania 
6. Tripti CS  3622.5 4708.8 6701.6 1674.0 35.5 
7. Nodari CS  3419.8 4714.3 6326.6 1354.4 28.7 
8. Scelni CS  3613.9 4714.3 6685.7 1656.0 35.1 
9. Intense CS 3411.3 4708.8 6310.9 1345.8 28.6 
3. SD–Seeds 10. Hycolor 3981.7 4704.2 7366.1 2236.0 47.5 
11. Recordie 3793.0 4722.5 7017.1 1927.4 40.8 
12. Judie 4020.1 4668.0 7437.2 2326.1 49.8 
13. Goldie 3728.5 4668.0 6897.7 1873.0 40.1 
 14. Ecarlate 3595.8 4716.8 6652.2 1625.8 34.5 
4. Euralis  
Semences 
15. ES Mercure 3751.8 4717.0 6940.8 1868.0 39.6 
16. ES Neptune 3845.3 4695.3 7113.8 2031.5 43.3 
17. ES Danube 3956.3 4706.0 7319.2 2195.1 46.6 
18. ES Centurio 3797.0 4717.0 7024.5 1938.3 41.1 
5. ITC 19. Perla 3091.0 4687.1 5718.4 866.3 18.5 
20. Diana 3214.5 4678.9 5946.8 1065.1 22.8 
21. Doina 3007.6 4687.1 5564.1 736.6 15.7 
6. KWS  
Seminţe 
22. Tassilo 3654.6 4711.6 6761.0 1721.5 36.5 
23. Brutus 3843.9 4726.3 7111.2 2003.3 42.4 
24. Turan 3938.3 4730.5 7285.9 2146.5 45.4 
25. Traviata 3802.6 4726.3 7034.8 1939.1 41.0 
26. Triangle 3517.5 4711.6 6507.4 1508.5 32.0 
7. Monsanto  
Romania 
27. Extend 3937.3 4705.5 7284.0 2165.9 46.0 
28. Exagone 3738.0 4763.3 6915.3 1807.7 38.0 
29. DK Example 3669.8 4704.2 6789.1 1751.3 37.2 
8. Pioneer  
Hi-Bred  
Romania 
30. PR44D06 3862.1 4752.4 7144.9 2009.7 42.3 
31. PR44W29 4102.4 4734.4 7589.4 2398.2 50.7 
32. PR45D03 3944.6 4736.1 7297.5 2151.6 45.4 
33. PR45D05 4073.2 4736.1 7535.4 2351.4 49.6 
34. PR46W14 3619.2 4709.9 6695.5 1667.9 35.4 
35. PR46W21 3978.0 4727.9 7359.3 2210.4 46.8 
36. PR46W30 4178.9 4719.7 7731.0 2529.5 53.6 
9. Saaten  
Union  
Romania 
37. Hercules 3449.3 4703.4 6381.2 1409.4 30.0 
38. Vectra 3824.8 4703.4 7075.9 1992.9 42.4 
39. Astrada 3616.7 4703.4 6690.9 1669.5 35.5 
40. Finesse 3687.7 4713.5 6822.2 1771.3 37.6 
41. Merano 3660.7 4713.5 6772.3 1729.4 36.7 
42. Orkan 3433.5 4633.2 6352.0 1443.8 31.2 
43. Noblesse 3561.5 4729.5 6588.8 1561.8 33.0 
44. Bellevue 3506.5 4729.5 6487.0 1476.3 31.2 
45. Rohan 3692.2 4730.0 6830.6 1764.5 37.3 
46. Visby 3604.1 4730.0 6667.6 1627.6 34.4 
10. Sumiagro  
Romania 
(Rustica) 
47.ES Hydromel 3695.0 4741.4 6835.8 1759.3 37.1 
48. Olano 3755.7 4705.0 6948.0 1884.2 40.0 
49. ES Betty 3788.6 4719.7 7008.9 1922.9 40.7 
50. ES Alias 3581.1 4727.9 6625.0 1593.6 33.7 
 
 
 
 
 
 
 
CHIRIAC Gheorghe et al./ProEnvironment 6(2013) 130 - 135 
 
 135
References 
[1] Axinte M., G. V. Roman, I. Borcean, L. S. Muntean, 
2006, Plant growing, 4th edition, Ed. „Ion Ionescu de la 
Brad”, Iaşi 
 
[2] Beckman C., 2005, Vegetable oils: Competition in a 
changing market, Biweekly Bulletin Agriculture and 
AgriFood Canada, no18, available online at 
http://www.agr.gc.ca 
  
[3] Durrett T. P., C. Benning, J. Ohlrogge, 2008, Plant 
triacylglycerols as feedstocks for the production of 
biofuels, Plant J., 54, 593-607 
 
[4] Leach J. E., H. J. Stevenson, A. J. Rainbow, L. A.  
Mullen, 1999, Effects of high plant populations on the 
growth and yield of winter oilseed rape (Brassica napus 
L.), J. Agric. Sci. Camb., 132, 173-180 
 
[5] Farooq M., K. C. Flower, K. Jabran, A. Wahid, K. H. 
M. Siddique, 2011, Crop yield and weed management in 
rainfed conservation agriculture, Soil & Tillage Research, 
117, 172-183 
 
[6] Gruber S., J. Mohring, W. Claupein, 2011, On the 
way towards conservation tillage-soil moisture and 
mineral nitrogen in a long-term field experiment in 
Germany, Soil & Tillage Research, 115-116, 80-87 
 
[7] Horn R., 2009, Introduction to the special issue about 
soil management for sustainability, Soil & Tillage 
Research, 102, 165-167 
 
[8] Jiang L. X., H. C. Becker, 2003, Inheritance of 
apetalous flowers in a mutant of oilseed rape, Crop Sci., 
43, 508–510 
  
[9] Kole C., E. Thormann, B. H. Karlsson, J. P. Palta, P. 
Gaffney, B. Yandell, T. C. Osborn, 2002, Comparative 
mapping of loci controlling winter survival and related 
traits in oilseed Brassica rapa and B. napus, Mol. Breed., 
9,  201–210 
 
[10] Kraling K., J. C. Pruvot, R. K. Juergen, D. Charne, 
2011, Use Of A Green Revolution Gene In Winter 
Canola Hybrids, Proceedings of the 13th International 
Rapeseed Congress, Prague 
 
[11] Majer S., K. Oemichen, M. Gawor, 2011, Possible 
approaches for optimising the GHG balance of biodiesel 
produced from rapeseed, Proceedings of the 13th 
International Rapeseed Congress, Prague 
 
[12] Merkel U., G. W. Rathke, C. Schuster, K. 
Warnstorff, W. Diepenbrock, 2004, Use of glufosinate-
ammonium to control cruciferous weed species in 
glufosinate-resistant winter oilseed rape, Field Crops 
Res., 85, 237–249 
 
[13] Ozpinar S., A. Cay, 2006, Effect of different tillage 
systems on the quality and crop productivity of a clay–
loam soil in semi-arid north-western Turkey, Soil & 
Tillage Research, 88, 95-106 
 
[14] Rusu T., 2006, Rezultate experimentale privind 
cultura de rapita in Campia Transilvaniei si Lunca 
Somesului in Ghidul cultivatorului de rapita (coord. 
Halmajan H. V.), Ed. Agris, Bucuresti 
 
[15] Saicu C., 2010, Research regarding forage legume 
and grass crop species in Northern Moldavia conditions, 
An. INCDA Fundulea, vol. LXXVIII, 1 
 
[16] Schierholt A., H. C. Becker, W. Ecke, 2000, 
Mapping a high oleic mutation in winter oilseed rape 
(Brassica napus L.), Theor. Appl. Genet., 101, 897–901 
  
[17] Schuster C., G. W. Rathke, 2001, Nitrogen 
fertilization of transgenic winter oilseed rape, In Horst 
W.J. şi colab. (Eds.) – Plant nutrition: Food Security and 
Sustainability of Agro-Ecosystems through Basic and 
Applied Research, Kluwer Academic Publishers, 
Dordrecht, 336–337 
 
[18] Soane B. D., B. C. Ball, J. Arvidsson, G. Basch, F. 
Moreno, J. Roger-Estrade, 2012, No-till in northern, 
western and south-western Europe: A review of problems 
and opportunities for crop production and the 
environment, Soil & Tillage Research, 118, 66-87 
 
[19] von Tiedemann A., M. Siebold, J. Knuffer, B. 
Koopmann, 2011, Disease control in oilseed rape - future 
challenge trough high intensity production and climate 
change, Proceedings of the 13th International Rapeseed 
Congress, Prague 
 
[20] Zhao Y., M. L. Wang, 2004, Inheritance and 
agronomic performance of an apetalous flower mutant in 
Brassica napus L., Euphytica, 137, 381–386 
 
[21] ***, 2013, http://www.worldometers.info 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CHIRIAC Gheorghe et al./ProEnvironment 6(2013) 130 - 135 
 
